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Nutrient Deficiencies in Utah Orchards1 
D. \V. THORNE AND F. B. WANN 2 
INTRODUCTION 
W H EN FARM products are sold, some of the essential part of the soil are also marketed. If this process is continued, the soil may 
be eventually impoverished to the point where it cannot support 
high crop yields. In addition to direct soil depletion, unbalanced 
soil management practices may produce soil conditions that prevent 
or limit the uptake of certain elements by plants even though there 
may be enough total supply of the elements present to last hundreds 
or even thousands of years. 
Both processes have been going on in many Utah orchards. Sale 
of fruit has gradually depleted the soil. Cultivation has frequentl}' 
reduced the organic matter in the soil. Over-irrigation has leached 
out nutrients. Lime in irrigation water has made the soil more 
alkaline. Application of unbalanced fertilizers has helped to tie 
up additional essential eleme.nt. Thus in many orchards productive 
soils have changed to les productive soils. Soil condlitions are 
reflected in the color of leaves, the rate of tree growth, and in the 
yield and quality of fruits. 
Fifteen chemical elements are now considered essential for plant 
growth. Twelve of these must be obtained from the soil. An 
insufficient supply of anyone of . these elements causes a deficiency 
disease that is usually expre sed by a typical leaf shape or color 
pattern. In addition, deficiency of an element may result in other 
abnormal tree characteristics. Thus an experie.nced observer can examine 
an undernourished tree and state with fair assurance which element 
or elements are causing the observed symptoms of disease. 
Fortunately many of the twelve elements plants obtain from the 
soil are still adequate in most Utah orchard soils. However, the 
number that are becoming deficient is growing more with the years. 
The light green leaf colors associated with inadequate soil nitrogen 
supplies have been recog.nized for more than fifty years. Likewise, 
the bright yellow leaf color associated with lime or iron chlorosis 
has been encountered since the beginning of the fruit industry in the 
The investigations reported in thi bulletin were supported in part by grants 
from the United States Smelting, Refining, and Mining Company and by 
the Kennecott Copper Company. 
1 Contribution from the Departments of Agronomy and Botany. Report ~n 
project 89-Purne11. 
2 Pro~ssor of agronomy, and profes or of botany, respectively . . 
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tate. Little-leaf, associated with zinc deficiency, was first recognized 
in Utah about fifteen years ago; while the leaf mottling resulted from 
manganese deficiency was first identified here only seven years ago. 
Other elements such as phosphorus and potassium are also probably 
deficient in some orchard soils. 
Plant nutrients needed in relati, ely Jarge amounts are called the 
"major" or "macro-nutrients." These include nitrogen, phosphorus, 
potassium, sulfur, calcium, and magnesium. Nutrients needed in small 
amounts by plants are called "minor elements" or "micro-nutrients." 
The e elements include iron, manganese, zinc, copper, boron, and 
molybdenum. The first three listed have been found deficient in some 
Utah soils and their significance in fruit production in Utah is 
indicated by the survey reported Jater howing 23 percent of the 
orchards have trees showing iron chlorosis symptoms, 18 percent have 
trees with manganese deficiency symptoms, and 6 percent have trees 
with zinc deficiency markings. This report is concerned principally 
with the problems associated with deficiencies of iron, manganese, 
or Z111C. 
These nutrient deficiency problems are not confined to Utah. 
Lime or iron chlorosis is an important problem in the fruit districts 
of we tern Colorado, Arizona, California, Washington, and Idaho. 
Problems associated with manganese deficiency are important in Arizona, 
California, and probably other nearby states. Zinc deficiency diseases 
have been observed and studied in Arizona, California, Oregon, 
Wa hington, and Idaho. 
E, ery fruit grower should be familiar with tree and soil characteristics 
useful in diagnosing the varioLls nutritional deficiency diseases. 
SYMPTOMS OF MACRO-NUTRIENT DEFICIENCY 
Nitrogen 
T HE MO T wide-spread nutritional deficiency disease in fruit orchards in Utah is caused by lack of nitrogen. This is characterized 
by hort terminal growth of twigs and pale greeq. color of the leaves. 
The leaf color may gradually become yellowish-green to yellowish, 
but in all cases the color change is uniform throughout the leaf 
blade with no evidence of a vein pattern. With severe nitrogen 
hortage numerous small reddish spots may appear in the leaves. All 
of these leaf symptoms tend to appear first in the older leaves at 
the bases of the twigs and to progress upward to the new leaves. 
Twig growth is checked and newly formed leaves tend to be smaller 
than normal. A reddish coloration may occur in the stems and leaf 
talks. Fruit buds are fewer in number and the fruit is usually 
mall and of poor quality. 
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Phosphorus 
Phosphorus deficiency disease in fruit trees is characterized at first 
by dark green leaves follovied by the gradual appearance of a dull 
brown or bronze coloration. Later on the leaves may be mottled 
with dull yellowish spots and finally drop off the stem. These 
changes occur progressively from the base of the stem toward the 
tip. Stem growth is retarded and new leaves do not attain normal 
size. The production of a reddish-purple color In the young twigs 
and leaf stalks usually occurs where prosphorus is lacking. Fruit 
trees in Utah have not shown as much benefit from phosphate fertilizers 
as have some of the smaller crop plants. In fact, fruit trees seem to 
have comparatively low phosphorus requirements and in some instances 
there has apparently been some injury from adding too much soluble 
phosphate to the soil. 1n the present survey soils from nearly a 
hundred orchards were analyzed tor readily soluble phosphorus. About 
half conta111ed adequate to exceSSIve quantItIes and halt contained low 
to intermediate quantIties. One third of the soils were found to be at 
deficiency levels. Evidence of increased yields of fruit has been obtained 
in some orchards on low-phosphate soil when phosphorus was added 
in addition to nitrogen and other needed elements il , however most 
benefit from phosphorus fertilizers in orchards undoubtedly comes 
from stimulating better growth of cover crops. 
Potassium 
The most characteristic symptom of potassium deficiency disease in 
fruit trees is the development of dark brown, dead leaf margins, 
called "leaf scorch" because of the resemblance to injury caused by 
heat. Isolated spots of dead tissue may also be produced in the leaf 
blade. Where the deficiency is mild, peach leaves tend to be crinkled 
and somewhat rolled, but without the marginal scorch. Growth in 
length of the stems is not retarded seriously, though the stems may 
be more slender than normal. Fruit bud formation is severely reduced. 
Utah soils in general appear to be well supplied with potassium. 
There is some evidence, however, that i.n a few very sandy orchard 
soils this element is approaching starvation levels. Orchardists with 
exceptionally sandy or gravelly soils should watch their trees closely 
for evidence of a deficiency of this element. However, application 
of large amounts of potassium as a general practice is not recommended. 
High soil potassium increases tree decline whenever nitrogen or zinc 
is low. 
--
3 Stark, A. L. and Thorne, D. W. Peach orchard soil management studies. 
Utah Agricultural Experiment Station Bulletin 330. 1948. 
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O:ther Elemen:ts 
. There is no evidence that either calcium or magnesium is deficient 
in any area of Utah. Both of these elements are contained in 
dolomitic limestone which is abundant in the mountains and is one 
of the important parent rock materials in the formation of soils in 
this region. Sulfur in Utah soils also appears to be adequate. 
In the group of macro-nutrients then, nitrogen, phosphorus, and 
potassium are the ones most likely to be deficient. These three 
elements comprise the mixed fertilizers that have been in common 
use for many years. They may be combined in a variety of ratios 
and combinations. For maximum returns on the fertilizer cost, each 
grower must diagnose the needs of his soil as effectively as possible 
before choosing the combination to be used. Practices should be avoided 
that tend seriously to increase or decrease anyone of these elements 
in relation to the other. A balanced soil condition should be maintained. 
SYMPTOMS OF MICRO-NUTRIENT DEFICIENCY IN RECENT YEARS interest in the micro-nutrients or trace elements 
in relation to agriculture has increased enormously. Originally 
iron was the only trace element known to be essential, but about a 
quarter century ago it was established that zinc, manganese, and boron 
are also essential nutrient elements. The evidence for copper and 
molybdenum is not so extensive but indicates that these elements 
are probably essential. The application of some of these trace elements 
to horticultural plants in various parts of the country immediately 
solved some of the long-standing nutritional disease problems. It is 
not surprising, therefore, that fertilizers soon appeared on the market 
containing small amounts of about every known chemical element. At 
the present time, however, there is no conclusive evidence that any 
but the above-mentioned elements are essential. In Utah orchards three 
of the micro-nutrients are deficient in various areas. These are iron, 
manganese, and zinc. 
Iron Chlorosis 
Iron chlorosis has been a serious problem to Utah horticulturists for 
many years. The characteristic symptom of the disease is the gradual 
appearance of light green to yellow color in the areas between the 
Fig. 1. (upper) Peach leaves showing nutrient deficiency symptoms as follows 
from left to right: normal green, iron chl~£(').sis, zinc defieiency, zinc deficiency, 
and manganese deficiency. • 
Fig. 2. (lower) Apricot leaves showing nutrient deficiency symptoms as follows 
from left to right: normal green, iron chlorosis, mild manganese deficiency, 
severe manganese deficiency. 

Fig. 3. Chlorotic peach trees in foreground. Green tree in background were 
treated with iron phosphate 
small veins of the leaves. The yellow color becomes increasingly 
conspicuous as the disea e becomes more eriou , but the veins remain 
green for some time. The result is a distinct net-like pattern of green 
vein on the general yellow of the leaf blade (figs. 1 and 2). The 
symptoms progress from the tip of the stem toward the base, the 
younge t leaves being most seriously affected. In cases of mild chlorosis 
the size of leaves is not modified but in more severe cases the tree 
may be considerably weakened and successive crops of leaves are smaller 
than normal. The fruit is u ually reduced in size and poor in quality. 
Trees that have been weakened by chlorosi are more susceptible to 
winter injury (fig. 3 and 4). 
Manganese 
The effects of manganese deficiency in fruit trees can be recognized 
by a characteristic chlorotic pattern in the leave. In this case the 
green color fades out first along the outer margin of the entire leaf. 
The pale green color then seems to progres from this margin as 
bands, extending toward the midrib in the areas between the main 
lateral veins. The result is a pattern in which normal green color 
is confined to bands along the midvein and the prominent lateral 
vems while the remainder of the blade is lighter green (figs. 1 and 
2) . As the symptom progress in intensity the light green color 
fades to yellowish-green and finally to dull yellow. The deep green 
.Fig. 4. Same trees shown in fig . 3 following a evere winter. Chloroti c trees 
in foreground were badly winter killed. Green trees in background show 
little injury 
around the velllS finally changes to yellow starting at the outer ends 
of the veins and progressing downward until only a small area near 
the base of the blade may remain green. Leaves are normal in 
size but stem growth is retarded. The fruit is delayed in maturity 
and bitter in taste. In apricot leaves many small dead pots may 
appear. These subsequently drop out giving the leaf a lacy appearance. 
Zinc 
The lack of zin ha a definite retarding effect on the growth of 
leaves and stems in fruit trees, producing symptoms that are unusually 
distinct. The leaves in general are much smaller than normal, in addition 
to being mottled with chlorotic areas. Terminal buds u ually fail to 
elongate with the result that a tuft of small leaves is produced forming 
a "rosette" at the ends of twigs (figs. 1 and 6). Considerable dieback 
in twig growth may occur in some trees (fig. 5). In many in tances the 
trees are not uniformly affected by the deficiency 0 that fl at-sided 
or 101 -sided trees are produced. 
In the early stagts of zinc deficiency di ease, the chlorotic leaf 
pattern is seen as small isolated yellow areas b tween the lateral veins. 
These gradually coalesce until continuous bands of yellow extend from 
near the midrib to the outer edge of the leaf where they unite to 
form a continuous chlorotic leaf margin. The larger veins remain 
green. The leaf pattern at this stage is imilar to that produced 
by manganese deficiency. However, with zinc deficiency the leaves 
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are nearly always smaller than normal and usually much distorted in 
shape while manganese deficient leaves are of normal size and shape. 
Because of its effect on leaf development, zinc deficiency disease 
in stone fruits is commonly called "little leaf. " In peach and cherry 
the leaves are narrow and short, and usually crinkled along the margins. 
In apricot leaves the margins are curved upward producing a cup-shaped 
effect. Since stem elongation is much reduced, the small distorted 
leaves are produced in dense clusters or tufts at the tips of the twigs. 
This type of g rowth is referred to as " rosette" and is especially 
characteristic of zinc deficiency symptoms in apple and peach. In the 
sweet cherry the small clusters of leaves may not survive through the 
summer and a condition of die-back similar to that produced by freezing 
or drought may result. 
The development of little leaf and rosette commonly occurs on 
the same tree in the peach. In addition to the usual chlorotic mottling 
associated with these conditions the older, normal-sized peach leaves 
may develop numerous reddish spots particularly toward the end of 
the growing season. The" tissue in these spots may dry up and drop 
out, producing a shot-hole effect. These symptoms of zinc deficiency 
disease have considerable similarity to those produced by the western 
x virus disease. In both of these diseases it is common for symptoms 
to occur on only one or a few branches of otherwise healthy trees . 
It is not surprising, therefore, that there has been some confusion 
in the diagnosis of these two disea es in peach. In fact, many growers 
have reported that they have cured western x disease by using zinc 
sprays, an indication that zinc defi ciency symptoms have undoubtedly 
been mistaken for those of western x di ease. 
Comparison of Western X Disease and 
Zinc Deficiency Symptoms 
While it is sometimes difficult to distinguish between symptoms of 
zinc defi ciency and western x, the following general characteristics are 
of value in making a diagnosis : ( 1) western x infection does not 
cause a reduction in leaf size; zinc deficiency cause "little leaf ;" 
(2) the western x virus causes the leave to curve downward and to be 
rolled in from the edges; zinc defi cient leaves are not curved down-
ward but have wavy, crinkly edges; (3) with wes tern x disease the 
leaves may drop off in midseason leaving twigs completely bare; with 
zinc defi ciency, defoliation may occur in severe cases, but usually a 
rosette of small leaves is retained at the tops of the twigs; ( 4) the 
chloro.tic and red markings of western x disease tend to be parallel 
with the leaf margin and extend across the lateral veins; in zinc 
Fig. 5. Zinc deficiency in 
sweet cherry hawing 
production of small chlo-
rotic leave and severe 
dieback 
Fig. 6. Young peach tree 
hawing typical rosette 
condition accompanying 
zinc deficiency. ate 
numerous bare limbs re-
sulting from defoliation 
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deficiency the leaf markings are in general at right angles to the 
margin, in the areas between the lateral veins. When all the e general 
characteristics are taken into consideration, a correct diagnosi of each 
disease is usually possible. However, it must be remembered that both 
diseases may be present in the arne tree, in which case typical symptom 
of either one may be modified. 
• 
Effect of Zinc Deficiency on Peach Fruit 
Zinc deficiency affects the shape of peaches. In both Late Elberta 
and Early Elberta varieties many fiat, pointed peaches have been found 
on zinc deficient trees. Often the fruits show severe di tortion in 
Fig. 7. Variation in shape of fruit from zinc defici ent trees. Besides being 
flattened and pointed these peaches ripen earlier 
shape when only mild leaf symptoms are apparent. In Hale peaches 
many of the fruits in zinc deficient areas are distinctly pointed. It is 
possible that these abnormal fruit shapes may be useful symptoms in 
Jetecting early stages of zinc deficiency. Some comparisons between 
normal fruits and those from zinc deficient trees are shown in fig. 7. 
A summary of the general symptoms for diagnosing nutrient 
deficiencie in Utah orchards is given in table 1. 
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Table 1. G enet'al summary of 1lutrient deficiency symlJtoms occlt1'1'ing 111 Uteth 
orchards 
Nutrient 
Nitrogen 
Leaves Stems 
U niform light green to Short growth 
yellowish. Occasional red 
spots. Smaller than normal 
Fruit 
Fewer fruit buds 
Fruit small 
Phosphorus D ark green leaves, be- Short growth. Red- Fruit sma ll. Less 
coming bronzed or mot- purple pigment - color 
tIed. Normal ize 
Potassium Marg ins scorched . Normal Growth not serious- Few fruit buds 
size ly reduced 
Iron Blade bright yellow to G row t h reduced. Fruit small er. Poor 
white. All veins remain Chlorosis progresses quality 
Manganese 
green. Normal size from tip to base of 
new growth 
Pale green to browni sh 
yellow along edge and 
between lateral vei ns. 
Large vei ns remain green. 
D ead spots. Leaf norma l 
size 
G l' 0 w t h retarded D elayed maturity 
Poor quality 
Zinc Mottled yellow between G l' 0 W t h stunted, Matures early. Poor 
lateral veins becoming con iderable d i e- qu a lit y. Peaches 
continuous from mid vein back. Rosettes of fl attened 
to margin. M ain veins small leaves at ends 
green. Leaves small , di - of bare twigs 
torted 
DEFICIENCY DISEASE SURVEY 
OF UTAH ORCHARDS 
A URVEY WAS BEGUN in the summer of 1948 and completed in the summer of 1949. Its purpose was to determine the extent and 
nature of micro-nutrient deficiencies in Utah orchards. A group of 
trained observers went through parts of nearly every fruit orchard 
of the state in each of the two years. A complete examination of 
every part of each orchard was not feasible, but probably 20 percent 
or more of the trees of the state were examined individually each of 
the two years. In addition, supplementary observations have been 
made during frequent visits to many orchards in the course of work 
at other times of the year. 
Notes were taken in the survey of any unusual leaf markings not 
identified as caused by a particular deficiency or disease and studies 
have been initiated to determine the factors involved. Following 
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the survey, return trips were made to the orchards showing most 
severe leaf ymptoms. At this time further observations were made 
and leaf and soil amples were procured for detailed laboratory studies. 
The present report is based on the survey data, other general 
observations, field experiments with various soil and plant treatments 
in more than twenty orchards, and on laboratory analyses of several 
hundred oil and plant samples from problem areas. 
Distribution of Deficiency Diseases and 
Crops Affected 
During the surveys, notes were made on about 1500 fruit tree plantings. 
Estimate were compiled of the proportion of orchards showing evidence 
of each type of minor element deficiency. The actual proportion 
of diseased trees is much less than the proportion of affected orchards 
becau e in some affected orchards only a small proportion of the trees 
how defi ciency symptoms and in practically all orchards some of 
the tr es are healthy. 
IRON DEFICIENCY 
Iron-defi ciency symptoms or lime-induced chlorosis is extensive in horti-
cultural plantings in all parts of the state. In the survey iron-chlorosis 
symptoms were recorded in 23 percent of the orchards. The disease 
is most general and causes the greatest proportion of loss in fruit 
production in Cache, Carbon, Emery, Utah, and Washington Counties. 
Box Elder, Davis, and the southern two-thirds of Weber County are 
the most free of this disease. 
The general distribution of iron chlorosis in the state is shown 
on the map (fig. 8). . 
Peaches and 1 ears are most severely affected, following in ap-
proximate order of susceptibility by sweet cherries, plums, apricots, 
apples, and sour cherries. All of the berries are seriously affected. 
Strawberries readily die out where soils favor lime chlorosis; dew-
berries, boysenberries, red raspberries, and black cap raspberries follow 
in approximately that order of usceptibility. Many ornamentals are 
also affected, and thus chlorosis becomes a serious problem to home 
owners in non-fruit growing areas. Iron chlorosis is not a serious 
problem with most vegetables or field crops, though in some cases 
it occurs on beans and peas . Sorghums are often affected in other 
states where they are grown more extensively than in Utah. 
Economic losses from iron chlorosis are hard to measure, but 
are undoubtedly greater than those of any other disease affecting 
horticultural crops. Since control is so difficult the general tendency 
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is for orchards to be pulled out of badly affected areas and for the 
land to be returned to general field crop. Thi represent a 10 
in both land value and farm income. Such hift in land use a 
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tah in which iron chloro is symptom occur on fru it trees 
or ornamental plants 
a result of iron chlo ro is are known to have occurred near North 
. Ogden in Weber County, near Magna, Sandy, and Holladay in Salt 
Lake County, and near Santa Clara, La Verkin, and Toquerville in 
Washington County. Furthermore, beauty and per onal enjoyment 
annot be assessed in dollar and cents. How can one as e a figure 
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against the loss of rose bushes, peonies, or other flowers or ornamentals 
around the home? In many parts of the state ornamental plants 
must be limited to those moderately or highly resistant to iron chlorosis. 
MANGANESE DEFICIENCY 
Manganese deficiency symptoms have been recognized in U tah only 
in recent years . However, deficiency symptoms are almost as general 
in fruit orchards over the state as are those of iron chlorosis. The 
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general distribution of manganese deficiency symptoms is shown on 
the map in fig. 9. 
Manganese deficiency symptoms were found in 18 percent of the 
orchards. While the problem is apparently general over the state, 
the disease is more extensive and the symptoms more severe in certain 
areas. Deficiency symptoms occur in almost all orchards i.n the Fruita 
area of Wayne ·County. About 20 percent of the orchards showed 
such symptoms in Carbon, Davis, Emery, Utah, Washington, and 
Weber Counties. Box Elder County has a slightly smaller proportion of 
affected orchards, and the Moab area of Grand County has only traces 
of the deficiency. 
Symptoms of . manganese deficiency have been observed only in 
fruit trees and a few shade trees. Apricot and peach trees are 
most seriously affected. More than 90 percent of the 260 orchards 
observed to have manganese deficiency symptoms were either apricot 
or peach. Other trees noted with these symptoms in~luded apple, 
sweet cherry, sour cherry, plum, walnut, and elm. 
At the present time manganese deficiency disease probably causes 
less economic loss to fruit growers than either iron chlorosis or 
zinc deficiency disease. In a few orchards, however, the disease 
is so severe that tree foliage has a general yellow coloring, growth 
is greatly reduced, and in some cases trees have apparently been 
killed. Up to the present we have not determined whether yield or 
tree growth is reduced by mild or moderate manganese deficiency as 
indicated by leaf markings. 
ZINC DEFICIENCY 
Zinc deficiency symptoms have been recognized in Utah for fifteen 
years or more. In many cases the disease is acute resulting in misshapen 
or dead trees and loss in yield and quality of fruit. The general 
distribution of zinc deficiency symptoms in the state is shown on 
the map in fig. 10. 
About 6 percent of the orchards surveyed were found to contain 
zinc deficiency symptoms. In many of these orchards only a small 
proportion of the trees were affected. However, many farmers are 
successfully treating their orchards for this deficiency and hence the 
problem may be somewhat more extensive than these figures indicate. 
Zinc deficiencies tend to occur in areas where iron chlorosis is 
limited. The most severely affected areas are in Box Elder and 
Davis Counties. There are also a number of affected orchards, though, 
in Weber, Utah, and Salt Lake Counties. 
Sweet cherries, peaches, and apricots are most widely affected by 
zinc deficiency disease. In more limited areas, however, apple, plum, 
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pear, and pecan trees have been severely damaged by little-leaf and 
die-back result ing from zinc deficiency. 
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No field or vegetable crop has been found in Utah with known 
zinc deficiency symptoms. Field experiments were conducted on alfalfa, 
barley, and wheat in fields close to orchards showing zinc deficiency 
symptoms. The treatments in each test consisted of zinc sulfate 
at SO and 100 pounds per acre and no zinc treatment. The treatments 
were replicated ten times. Yield data are g iven in table 2. These 
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data indicate no increase in yield from the zinc treatments. ~ack 
of zinc deficiency symptoms in other crops may be owing to two 
factors: (1) the roots of these plants may have a greater feeding 
power for zi.nc than roots of horticultural crops, or (2) zinc tends 
to be more concentrated in surface layers of soil and annual crops 
often root more shallowly than horticultural plants. 
Table 2 . The yield of alfalfa, V elvoJl bm-ley, and Fede1'atioll wheat in 1'elalion 
to soil Heatmenl 'with zinc sulfate near clfeas of klloum soil zinc 
defici ency 
(Average of 10 replications in each experiment) 
Yields per acre 
Treatment in Alfalfa Barley Wheat 
lbs. per aCfe tOlZS bushels bushels 
No zinc sulfate 2.225 78.8 37.8 
50 lbs. zinc sulfate 2.205 76.8 41.S 
100 lbs. zinc sulfate 2.200 72 .6 41.0 
Average 2.2 10 76.1 39.5 
In no case were differences resulting from ZInC sulfate treatment statistically 
significant. 
Economic losses from zinc deficiency diseases are great in some 
areas . Affected trees are usually unprofitable in fruit production. 
Several orchards have been partially abandoned by growers who either 
did not know the cause of the disease or who failed to make proper 
treatments . Possibly losses from low quality peaches in affected 
areas may be much greater than is now realized. This is indicated 
by observations that flat and pointed peaches are common on trees 
showing zinc deficiency symptoms. Such misshapen fruits also occur 
on trees showing only traces of zinc deficiency in the foliage . Further-
more, fruit on trees deficient in zinc tends to ripen earlier than on 
normal trees . This inequality in ripening may result in harvesting 
losses in large commercial orchards. 
DEFICIENCY OF OTHER ELEMENTS 
No evidence was obtained in the survey of deficiencies of minor 
elements other than manganese, iron, and zinc. Several field treatments 
have been made with copper sulfate and borax. No orchard or 
vegetable crop has shown any beneficial response from these treat-
ments. On the other side of the picture, some Utah streams used 
for irrigation contain sufficient boron to injure sensitive crops. Danger 
from this problem is apparently most acute in Duchesne County 
where certain streams flowing into the Duchesne River are used for 
irrigation. 
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CONDITIONS ASSOCIATED WITH 
DEFICIENCY DISEASES 
T o ANTICIPATE deficiency symptoms and to devise proper control measures for the diseases, soil and environmental conditions associ-
ated with the problems should be known. 
Iron Deficiency 
Iron chlorosis occurs only on soils containing large amounts of lime. 
The soils effervesce freely when treated with a few drops of acid. 
Often the lime is concentrated in a marly layer in the subsoil with 
the surface soil only moderately calcareous. As a result of their 
calcareous nature these soils are always alkaline in reaction. The pH 
of a water saturated paste commonly varies between 7.7 and 8.5. Usually 
the soils are heavy loam or clay loam to clay in texture. The surface 
soil may be somewhat coarser in texture than the subsoil. In only 
a few instances, however, has chlorosis been found on well-drained 
sandy loam or gravelly loam soils. The results of chemical analysis 
of a number of soils from orchards affected with iron chlorosis are 
shown in table 3. 
Table 3. Th e characteristics of soils in orchards with lime chlorosis d efici ency 
symptoms 
(Soils from 28 orchards analyzed) 
Available 
Texture pH CaC03 phosphorus 
percelzt p.p.m. 
Surface soil, 0-12" 
Maximum val ue Silty clay loam 8.45 62.5 78.0 
Minimum value Fine sandy loam 7.70 3.69* 2.0 
Average Loam to clay loam 8.15 20.36 16.6 
Subsurface soil , 12·24" 
Maximum value Clay 8.65 79.6 48.0 
Minimum value Loam 7.85 3.85* 1.0 
Average Clay loam 8.28 24.41 6.4 
*Chlorosis apparently caused more by excessive moisture In soil than by lime 
content. 
Keeping soils excessively moist for prolonged periods is a common 
cause of iron chlorosis. Iron deficiencies often appear in the lower 
parts of orchards where silt has been washed in by irrigation water. 
There the slope is reduced and irrigation water often ponds. In 
such areas the soil is kept continuously moist from one irrigation 
period to the next. Under these conditions plant roots suffer from 
lack of oxygen and the lime becomes hydrolyzed. Installation of 
surface drains to remove excess water makes it possible to irrigate without 
injuring the trees and iron chlorosis is often prevented or controlled. 
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Cover crops such as alfalfa also aid in removing excess water from 
such soils between irrigations and have often effectively reduced the 
degree of chlorosis in trees . 
Weather extremes are also conducive to lime chlorosis. Plants 
often turn yellow while soils are cool and moist and recover their 
normal green color as temperatures increase. Hot soils also encourage 
chlorosis so that some plants show most severe symptoms in July or 
August. In general, any conditions unfavorable for general plant 
growth may also contribute to iron deficiency symptoms. 
Manganese Deficiency 
Observations in a large number of orchards and laboratory analysis 
of soils from 42 different orchards with manganese deficiency symptoms 
have failed to sho~ any peculiar soil management practices or definite 
soil characteristics associated with manganese deficiency symptoms in 
trees. Manganese deficiency symptoms have been found in clean 
cultivated orchards, in orchards with rank weed growths, and in 
orchards with perennial cover crops. Neither has any relationship 
bee.n found between irrigation or fertilizer practice and occurrence 
of the deficiency symptoms. 
Table 4. Th e chal'acte1'istics of soils il1 orchards with mClIlgall ese defici ellcy 
symptoms 
(Soils from 42 different 
Surface soil 0-12" ~1axirn~m va lue 
~1inill1um value 
Average 
Subsurface soil, 12-24" 
Maximum value 
Minimum value 
Average 
Texture 
Silty clay loam 
Coarse sand 
Sandy loam 
Silty clay loam 
Coarse sand 
Sandy loam 
orchards analyzed) 
pH CaC03 
!J et'cellt 
8.35 25.6 
7 .50 0.4 
7.90 8.72 
8.60 27.4 
7.15 0.6 
8.16 8.15 
Available 
phosphorus 
/) ·lulZ. 
80.0 
0.1 
13.1 
55.0 
1.0 
6.7 
Soil analyses are summarized in table 4. These data show that 
manganese deficiency symptoms occur on a wide range of soils. 1 he 
surface soil textures in deficient orchards included coarse sand, sandy 
loams, gravelly loams, loams, silt loams, clay loams, and silty clay 
loams. The subsoils displayed a similar textural range from coarse 
santi to silty clay loam. The pH of soil pastes ranged from 7.2 to 
8.4. Many of the deficiency symptoms occurred on lime-free soils, 
others on low-lime soils, and on almost an entire range of lime 
contents up to a maximum of 27 percent. 
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In Washington and Wayne Counties manganese problems occurred 
principally on soils containing about 10 percent calcium carbonate. 
In Carbon and Emery Counties the deficient soils are generally high 
in lime (15 to 27 percent). Deficiencies in Utah, Davis, Weber, 
and Box Elder Counties are predominantly on soils low to intermediate 
in lime (0 to 10 percent). 
There was likewise no relationship between the manganese deficiency 
symptoms and the quantity of soluble phosphorus in soils. 
Possibly further observations and investigations will reveal some 
definite conditions generally conducive to manganese deficiencies, but 
at present the conditions associated with the problem in Utah do 
not appear to harmonize with any known combination of factors. 
Zinc Deficiency 
Zinc deficiency symptoms have been noted on only a limited range 
of soil conditions. The soils are nearly all sandy loam or gravelly 
loam in texture. Two instances were observed with loam and silt loam 
surface soils but the subsoils were of sandy loam. Observed soil pH 
values have ranged from 6.5 to 8.1. The soils have all been low in 
lime ranging from 0 to 2 perce.nt, with most soils containing less than 
1 percent. The results of the analysis of soils from a number of 
affected orchards are shown in table 5. 
Tab le 5. Th e characteristics of soils in orchcl1"ds witb zmc defici ency symptoms 
(Soils from 16 different orchards analyzed) 
Available 
Texture pH CaCOa phosphoru 
/) rcellt p.p .m. 
Surface soil, 0-12" 
Maximum value Si lt loam 8.10 1.35 125.0 
Minimum value Loamy sand 6.85 0.20 16.0 
Average Coarse sandy loam 7.15 0.76 73.7 
Subsurface soil , 12-24" 
Maximum value Fine sandy loam 8.10 1.56 94.0 
Minimum value Gravelly loam 6.80 0.20 8.0 
Average Gravelly loam 7.1 2 0.76 47.8 
In addition to the coarse textures and low content of lime in these 
soils zinc deficiency symptoms were also found commonly associated 
with unusually high contents of soluble soil phosphorus . In three 
orchards where soils from different parts of the orchards were obtained 
the soils from zinc deficient areas had much higher contents of soluble 
phosphorus than soils from areas of normal trees. General field experi-
ments have indicated that a carbon dioxide-soluble-phosphorus content 
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of soil of 25 parts per million or more is adequate for maximum 
growth of any crop and that higher quanties may actually reduce 
crop yields unless balanced with comparably high available soil nitrogen. 
In every orchard tested except one, zinc deficiency was accompanied 
by soluble soil phosphorus content in excess of 25 parts per million. 
While the relationship between zinc deficiency and phosphorus 
in the soil has been observed in only 16 orchards, the close agree-
ment of the data obtained seems to justify the tentative suggestion 
~hat zinc deficiency may be encouraged, if not actually caused, in 
coarse textured soils of low lime content by excessive fertilization 
with phosphate. Excessive phosphate fertilization of orchards may 
result from too frequent treatment with straight phosphate fertilizers 
or from the repeated use over a period of years of fertilizers having 
a higher phosphate than nitrogen content. 
Zinc deficiency symptoms have generally been found in clean 
cultivated orchards. Usually only limited amounts of farm manure 
have been added to the soils, but in some instances, poultry manure 
has been applied. In other states zinc deficient areas have often 
been confined to sites of old corrals or barnyards. Such areas may 
occur in Utah but this situation is less general than those described. 
PREVENTION AND CONTROL OF NUTRIENT 
DEFICIENCY DISEASES 
T HE PROBLEM OF prevention and control of mineral nutrient defi-ciency diseases is one of maintaining adequate supplies of all 
the necessary elements i ~1 the actively growing plant tissues. Where 
the element is actually lacking in the soil this can usually be accomplished 
by applying the proper fertilizer. But where the deficiency is caused 
by soil conditions limiting the availability of a particular element 
that may be present in the soil in adequate quantities, then other 
methods will usually be necessary. 
Macro-N uirieni Deficiencies 
Deficiencies of nitrogen, phosphorus, and potassium can be readily 
prevented or controlled by good soil manageme.nt practices including 
additions of farm manure and/ or commercial fertilizers to the soil. 
The amounts and ratios of the fertilizers to use vary greatly depending 
upon such factors as the kind of fruit, age of trees, type of soil, 
character of drainage, and cultural practices. Since nitrogen deficiency 
is common, additions of this nutrient should have first consideration. 
Only where large amounts of high quality farm manure are available 
for annual applications can maximum yields be obtained consistently 
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on old orchard land without the use of commercial nitrogen fertilizers. 
In the case of mature bearing trees one pound of fertilizer nitrogen 
for each 10 inches of trunk diameter is usually applied annually. 
around each tree. Thus a fruit tree with a 10-inch trunk would 
commonly receive 5 pounds of ammonium sulfate, or 3 pounds of 
ammonium nitrate, or 10 pounds of a 10-10-0 fertilizer. If a 10 ton 
per acre application of faren manure is made the quantity of commercial 
fertilizer can be reduced by half. 
Usually considerably less phosphate than nitrogen should be added 
to orchard soils. Where soil analysis indicates the available phosphorus 
content of an orchard soil is low, the addition of an average of 
up to 25 pounds of available phosphoric acid per acre per year may 
be helpful in aiding cover crop growth and in benefitting the trees. 
This can be added in 100 pound quantities at more frequent intervals. 
In many orchards no response will be obtained from phosphate fertilizers. 
In the case of sandy or gravelly soils, phosphate fertilizers should 
be used with caution. If applied regularly a soil analysis should 
be obtained every second or third year to determine whether the phosphate 
is building up to levels that might favor zinc deficiency. 
Usually potassium fertilizers are not needed in Utah orchards. 
This is particularly true where moderate amounts of farm manure 
have been used. However, orchards on sandy or gravelly soils should 
be watched for potassium deficiency symptoms. If symptoms appear 
potassium-containing fertilizers should be used or a leaf or soil analysis 
should be obtained as a basis for further action. 
Micro-N uirieni Deficiencies 
IRON CHLOROSIS 
In general six methods of treatment have been used in efforts to 
prevent and to control iron chlorosis. These are: 
1. Direct application of solutions of iron to the leaves by spraying. 
2. Injection of solutions or salts of iron into the trunk or limbs 
of trees. 
3. Soil treatment to provide additional iron supplies or to render 
the soil iron more available to the plants. 
4. Control of soil moisture by improved irrigation practices, drainage, 
and the planting of cover crops. 
5. Eliminating all deep cultivation and reducing cultivation opera-
tions to those necessary for irrigation and management of cover crops. 
6. Grafting or budding susceptible varieties on chlorosis-resistant 
rootstocks. 
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Iron sulfate spray as a control measure 
Spraying chlorotic plants with a 1 or 2 percent solution of iron 
sulfate (10 Ibs.jl00 gal.) may result in substantial improvement 
particularly if the first application is made early in the season and 
is followed by two subsequent sprays. 
From the practical point of view, however, this method has a 
number of serious limitations. In the first place, young pear, apple, 
and peach fruits are seriously spotted by iron sulfate so that the 
mature fruit is graded down even though the injury is superficial. 
Then the chlorosis spray adds another factor to the already heavy 
spray program of the orchardist even though the iron sulfate may be 
at times combined with other sprays, such as lead arsenate. Finally, 
the method is effective for the current season only and only for leaves 
on the plant at the time of spraying. Spraying must be repeated 
year after year or even several times within a season. However, 
in spite of these limitations, the iron spray has been used effectively 
by bush fruit growers, particularly on dewberries and raspberries, 
and by orchardists in maintaining non-bearing trees in a more thrifty 
condition. In general, though, the method is the least satisfactory 
of any of the proposed methods for fruit orchards. 
Iron injections in woody plants 
The injection of solutions or salts of various chemicals into the 
wood of trees has been used for many years as a method of over-
coming various nutritional deficiencies. In the case of iron chlorosis, 
best results have been obtained in Utah by the use of iron phosphate 
injected in early spring while trees are still dormant. Hundreds 
of pear, peach, and apple trees have been successfully restored to a 
green condition by such treatments. The injections are made by boring 
holes in the tree trunk with a 0/8 inch bit to a depth of % inch and 
inserting in each hole a No. 00 medicinal capsule filled with iron 
phosphate. Grafting wax is used to seal over the holes. 
The number of injections required for any o.ne tree depends upon 
its size, but a general rule is to space the holes about three inches 
apart around the trunk. 
Several objections to the injection method for chlorosis control 
are commonly raised by growers. The labor cost of applications is 
high. However, the injections can and preferably should be made at 
a time when other orchard operations are at a minimum. The actual 
labor of drilling the holes when large numbers are involved can be 
reduced by the use of a small portable motor-driven drill. Some 
growers object to boring holes in their trees because of possible injury 
and weakening of the trunk that might result. In experiments in 
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Utah, there has been no evidence of serious damage by this treat-
ment. More important is the objection that the improvem.ent is not 
permanent. In some instances trees remain green for several years 
after treatment, but in other cases injections need to be made every 
year. In spite of its limitations, however,. the injection method is being 
used rather extensively by growers m Utah to maintain established 
trees in good condition. The method is probably the most satisfactory 
for direct treatment of chlorotic trees in commercial orchards. 
Soil treatments 
From the growers point of VIew some sort of effective soil 
treatment for iron chlorosis would be most acceptable. In most of 
the experiments conducted in Utah soil amendments have not given 
Table 6. N umber of trees showing worse, no change, or better chlorosis-ratin~ 
two years after treatment 
(Experiments conducted in Utah and Washington Counties) 
Peach P ear 
No No Total Percent 
Soil Treatment Worse Change Better Worse Change Better Better Better 
Sulfur, 5 pockets 2 
Sulfur, 10 pockets 1 
Sulfur, trench 1 
Sulfur, broadcast 9 
Iron sulfate, 10 pockets 6 
Sulfur and iron sulfate, 
10 pockets 8 
Farm manure, broadcast 2 
Manure and sulfur, 
broadcast 
Manure and iron 
sulfate, broadcast 
Aluminum sulfate, 
broadcast 11 
Aluminum sulfate, 
pockets 7 
Ammonium sulfate 
and iron sulfate, 
pockets 7 
Iron sulfate, spray 1 
No treatment 8 
Totals 63 
o 
1 
1 
1 
3 
3 
4 
2 
3 
4 
2 
3 
27 
o 
o 
o 
3 
5 
4 
o 
o 
o 
1 
6 
1 
20 
1 
3 
2 
1 
1 
2 
3 
2 
3 
3 
23 
1 
o 
o 
1 
1 
2 
2 
o 
11 
1 
o 
1 
1 
1 
2 
o 
o 
o 
o 
o 
o 
6 
1 
o 
1 
4 
6 
6 
o 
o 
o 
o 
o 
1 
6 
1 
26 
20 
o 
20 
25 
35 
30 
o 
o 
o 
o 
o 
8 
67 
6 
17 
consistent or encouraging results. Some of the data obtained are 
shown in table 6. While such acidifying materials as ammonium sulfate, 
sulfur, aluminum sulfate, and iron sulfate would be expected to neutralize 
soil lime and remedy chlorosis the results have not been consistent 
enough to justify their use. 
Recently an experiment was started on an area in Logan where 
chlorosis is exceptionally severe. In this study, a variety of soil 
and plant treatments was used to determine whether any could be 
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successfully employed to bring young peach trees into bearing undet 
such conditions. The degree of chlorosis in the trees at three dates 
on each of three consecutive years following planting is shown in 
table 7. D uring the first year one spray of iron sulfate was made 
on all trees to give the severely chlorotic ones a chance to survive' 
the first winter. 
Table 7. The average chlorosis ratings of peach trees in relation to various 
treatments. 
(Late Elberta peach trees, transplanted May 1947, Logan, Utah) 
Treatment Year June July August September Average 
No treatment 1947 3.7 4.3 5.0 
1948 3.5 3.5 5.5 
Iron injection 1947 0.6 1.8 3.2 
1948 0.6 2.0 2.9 
Iron sulfate in soil 1947 1.0 0.8 0.0 
1948 0.1 0.9 0.8 
Aluminum sulfate in soil 1947 3.0 2.2 4.1 
1948 2.8 2.8 3.5 
New lime-free soil 
and' gravel 1947 0.8 1.2 2.2 
1948 1.8 3. 5 3.2 
Farm manure mulch 1947 3.8 3.8 4.2 
1948 4.5 4.8 5.0 
Straw mulch 1947 2.2 2.2 2.8 
1948 4.2 4.8 5.5 
Alfalfa cover around 
trees 1947 0.2 0.2 0.0 
1948 2.5 3.7 3.3 
Rating of 1 indicates slight yellowing of outer leaves . 
Rating of 2 indicates moderate yellowing general over tree. 
Rating of 3 indicates bright yellow general over tree. 
Rating of 4 indicates slight burning of chlorotic leaves. 
5.5 
1.0 
4.3 
3.5 
5.5 
6.0 
3.0 
Rating of 5 indicates severe burning of leaves and leaves falIing off. 
Rating of 6 indicates tree weak near death. 
4 .3 
4.2 
1.9 
3.5 
0.6 
0.7 
3. 1 
3.4 
1.4 
3.0 
3.9 
5.0 
2.4 
5.1 
0.1 
3. 1 
By far the most encouraging results were obtained from soil 
treatment with iron sulfate. Experience showed that soil treatments 
with iron sulfate are consistently beneficial o.nly when placed in 
pockets in moderately dry soil at about the depth of maximum root 
concentration and when treatment is followed by an irrigation to 
dissolve the iron salt and flush it around the tree roots. Following 
such a treatment chlorotic young trees have put out a new growth 
of dark green leaves. The treatment is only temporary, though, and 
must be repeated every month to six weeks . 
. While planting trees in a zone of lime-free soil two or more 
·(e.ef in diameter and three to four feet deep resulted in vigorous 
green tree growth, this lasted only one to two years. As the roots 
grew out into the high-lime soil, chlorosis increased. Sulfur in soil 
failed to benefit the trees on this soil even though heavy treatments 
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were made and the soil around the trees was kept almost yellow 
for three years. Alfalfa planted close around the trees reduced 
chlorosis but also greatly decreased tree growth. 
Soil moisture control 
Possibly 50 percent or more of the chlorosis in Utah could be 
prevented by soil moisture control. In many orchards chlorosis occurs 
in low spots or at the lower end of irrigation runs. In the affected 
areas the water often spreads out from the irrigation furrows forming 
ponds on the surface or temporarily water-logging the root zone. 
The soil in these areas usually remains excessively wet for most of 
the time between irrigations. 
Moisture control by more careful irrigation practices, putting in 
tile drains and/or surface drains to carry away excess moisture is 
effective in reducing or remedying chlorosis under such conditions. 
Cover crops that grow throughout the summer help to dry the soil 
out between irrigations in these spots. Alfalfa and sweet clover are 
well adapted for this purpose. 
Where chlorosis is a problem the soil should be cultivated to 
only shallow depths if at all. Generally the soils are heavy and 
a permanent cover crop can be handled to advantage. Tillage can 
then be limited to the cleaning out of irrigation furrows. Severe 
chlorosis has often followed disking or plowing under of cover crops 
on soils high in lime. 
Use of chlorosis-resistant rootstocks 
In grape variety trials by the Utah Agricultural Experiment Station 
it was observed that in general vinifera varieties are quite resistant 
to chlorosis whereas most labrusca varieties are susceptible. This 
suggested the possibility of using vinifera varieties as rootstocks for 
Concord and other labrusca varieties as a means of overcoming chlorosis. 
As a result of experiments reported earlier from this station4, it was 
demonstrated that Concord grapes can be grown successfully on chlorotic 
soils if grafted on vinifera rootstocks. The results of these expenments 
are highly significant since it seems possible that this type of control 
could be applied to peach, pear, and other tree fruits provided resistant 
stocks can be discovered. 
MANGANESE DEFICIENCY 
The application of manganese to fruit trees can be accomplished 
either by the addition of manganese sulfate to the soil, by injection 
of the salt ' into the stems of the trees, or by spraying the trees with 
4 Wann, F. B. Control of chlorosis in Concord grapes. Utah Agricultural 
Experiment Station Bulletin 299. 1941. 
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manganese sulfate. In the soil treatment, 2 to 4 pounds of manganese 
sulfate are dug into the soil under the spread of the branches. If 
many trees are affected it is probable that the application could be 
made \\,ith a fertilizer drill by placing bands of the ferti lizer on each 
side of the tree row. In the injection method the same technique is 
used as with iron chlorosis control, manganese sulfate being used 
in the capsules inserted in holes in the tree trunk. For spraying 
deficient trees in the dormant condition, a solution of 20 to 40 pounds 
of manganese sulfate per 100 gallons is used. When trees are in leaf 
a solution consisting of 4 pounds of manganese sulfate and 4 pounds 
washing soda per 100 gallons is recommended . In recent trials 
in Utah the soil treatment method was superior to either the i.njection 
or spray methods of control. Some results obtained during the summer 
of 1949 are shown in table 8. 
Table 8 . Th e .11 erag d gree of malZgcmese d efici ellcy J)'mplomJ III apricot trees 
III r 1.lliOIl 10 11(l1'ious fr eatmelzts 
(Treatments made in March ; readings made September 1) 
North Pleasant 
Treatment Kaysville Ogden Vi ew Willard 
No treatment 4.2* 2.7 0.3 
Manganese injection 1.7 1.2 0.1 
M anganese spray, dormant 3.0 1.3 0.0 
Manganese ln soil'!' 0.0 0.0 0.0 
Ammonium nitrate 1n soil 3.0 2.7 1.0 
ulfur 1n soil 4.0 1.0 0.2 
Zinc inj ection 4.0 2.3 0.4 
Zinc spray, dormant 4.0 2.7 0.5 
::: Rating of 1 indicate slight symptoms. 
Rating of 2 indi cates general well· defined symptoms. 
Rating of 3 indicates evere yellowing between leaf veins. 
Rating of 4 indicates severe yellowing over entire leaves . 
. Manganese in soil = 4 lbs. of manganese sulfate p r tree. 
Ammonium nitrate treatment is 5 lbs. per tree. 
ulfm i 5 pou nd s per tree. 
0.8 
0.0 
0.3 
0.0 
0.6 
0.4 
1.2 
0.0 
Average 
2.0 
0.7 
1.1 
0.0 
1.8 
1.4 
2.0 
2.0 
On the basis of Utah experiments oil treatment with two to 
four pounds of manganese sulfate per tree in the early spring is the 
most satisfactof) method of control. The material should preferably 
be dug into the soil, placed in h oles or pockets, or drilled in bands 
about 4 inches deep under the spread of the branches. 
ZINC DEFICIENCY 
Zinc salts react vigorously with clay and organic matter. For this 
reason the addition of zinc to the soil around trees suffering from a 
deficiency of this element usually is without effect. Control depends 
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on the direct application of zinc to the tree . either by injection or as 
a spray. 
In the injection method the usual procedure is foHowed using 
zinc sulfate in capsules. A modification of this method is to drive 
zinc coated tacks, glaziers' tacks, or metal strips into the branches 
of affected trees. Sufficient zinc is obtained from the gah -anized coating 
of such metal tacks to supply the needs of the tree. 
The most commonly used control measure, howeyer, is a dormant 
spray of zinc sulfate. A solution of 15 to 30 pounds of zinc sulfate 
per 100 gallons gives good control when applied in early spring. This 
concentrated spray cannot be used on the foliage. For leaf spray 
the zinc sulfate is cut to 5 pounds per 100 gallons and half as much 
lime hydrate is added to prevent leaf burning. Some use has also 
been made of zinc oxide as a spray. About 1. - pounds of this 
salt may be combined with oil sprays (when recommended by the 
ma.nufacturer) or with nicotine sulfate sprays. 
As a preventative and a more natural control of zinc deficiency 
a well balanced soil management program should be initiated in 
orchards. In Oregon planting an alfalfa cover crop in affected orchard 
has resulted in the gradual disappearance of zinc deficiency. While 
alfalfa is not adapted to many zinc-deficient orchards in Utah because 
of the gravelly, porous soil and inadequate water supply other means 
can be adopted for soil improvement. Winter green manure crops 
such as hairy vetch and Austrian winter pea can be used to advantage 
where water is limited. Farm manure should also be used in orchards 
whenever available. Most important of all, perhaps, is the controlled 
use of phosphate-containing materials so that soluble oil phosphorus 
is kept at moderate levels. An occasional soil test for phosphorus 
should be obtained from coarse textured soils subject to zinc deficiency 
problems. 
SUMMARY 
N UTRITIONAL DISEA E caused by deficiencies of nitrogen, iron, manganese, and zinc are extensive in horticultural crops in Utah. 
Symptoms of nitrogen deficiency include light g reen to yellowish 
leaf color, leaves often smaller than normal , and occasionally with 
red spots. Stem growth, numbers of fruit buds, and fruit size are 
reduced. Nitrogen deficiency symptoms may occur on nearly all soils, 
but they are most acute on sandy and gravelly soils. 
Iron chlorosis is typified by bright yellow to white leaves with 
green veins. Leaf size and stem growth are not eriously reduced. 
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Iron chlorosis occurs on soils high in lime and usually loam to clay 
in texture. High soil moisture encourages the disease. 
In manganese deficiency disease leaves are pale green to brownish 
yellow along the edge and between lateral veins. Large veins remain 
green. The deficiency has been found on soils of nearly all characteristics 
and under a variety of soil management practices. 
Zinc deficiency symptoms are characterized by mottled yellow color 
between lateral veins of leaves with the color becoming continuous 
from the midvein to margin. The leaves are small, often narrow, 
and crinkled along the edges. Stem growth is stunted and rosettes 
of leaves occur at ends of bare twigs. Frequently, there is die-back 
of stems. The fruit matures early and peaches on affected trees are 
often flattened or pointed and reduced in size. Zinc deficiencies occur 
on sandy or gravelly soils low in lime. High soluble phosphorus 
content commonly occurs in zinc deficient soils. The phosphorus 
may be a causative factor of the deficiency by precipitating the zinc. 
Orchards of the state were surveyed for deficiencies of micro-
nutrient elements. Iron chlorosis was found in 23 percent of the 
orchards with the greatest proportion being in Cache, Carbon, Emery, 
Utah, and Washington Counties. 
Manganese deficiency symptoms were found in 18 percent of the 
orchards with about equal distribution in most parts of the state. 
The Fruita area of Wayne County has an unusually large number of 
trees showing the symptoms while the Moab area of Grand County has 
only traces of the disease. 
Zinc deficiency symptoms were observed in about six percent of 
the orchards. The most severely affected areas are in Box Elder and 
Davis Counties. 
Iron chlorosis is best controlled in mature fruit trees by injection 
with iron salts in the early spring. Small trees , bushes, and ornamentals 
can be treated with iron sulfate added in bands or pockets to the 
root zone of the soil immediately preceding irrigation. Soil moisture 
control by surface and subsurface drainage, better irrigation practices, 
and planting cover crops are widely effective in controlling the disease. 
Manganese deficiency is remedied most effectively by drilling man-
ganese sulfate in the soil at 200 to 400 pounds per acre. 
Zinc deficiency disease is usually cured by dormant sprays with 
a solution of 15 to 30 pounds of zinc sulfate per 100 gallons. Control 
of organic matter and careful use of phosphate fertilizers to prevent 
high soluble phosphate accumulations in soil are also recommended 
practices to prevent the development of this deficiency. 
